The objective of this study was to use the "Screening test for antibiotic residues" (STAR) as a broad-spectrum detection method for antibiotic residues in poultry meat. The STAR method is a microbiological inhibition assay (a five plate test) where the development of inhibition zones (IZs) indicates the presence of antibiotic residues in meat samples. By using the STAR method, in a total of 13 poultry products providing 18 meat samples (14 muscle and 4 skin) and 18 corresponding juice samples, 11 out of the 18 samples were positive for containing antibiotic residues. Based on muscle alone (which is the matrix validated for use in the STAR method), 6 of the 14 muscle samples were positive for antibiotic residues. The STAR method as a screening technique proves advantageous as it is relatively easy to perform and of a low cost. Furthermore, the STAR method not only indicates the presence or absence of antibacterial substances, but simultaneously, a positive sample gives an indication of the antibiotic family present due to the use of five different bacterial test organisms. Families of antibiotics pre-identified due to positive samples in the results of this study include aminoglycosides (one out of 18), beta-lactams and sulphonamides (6 out of 18), and macrolides (5 out of 18). Such pre-identification of the antimicrobial families allows for a targeted confirmatory analysis. However, one could argue that the STAR method is laborious and time consuming. Overall, given the potential for false positive/negative results, further confirmatory method analysis of the samples must be performed to ensure that the results and conclusions drawn here are true. Levin, S. A., Robinson, T. P., et al., 2015: Global trends in antimicrobial use in food animals.
INTRODUCTION
Throughout the world, there is an emerging public health crisis and a growing concern regarding the potential for the development of antimicrobial resistance (AMR) that can occur as a result of the selective pressure and dissemination of resistance caused by unscrupulous misuse and inappropriate antimicrobial usage [1, 9, 13, 19] . Over time, 10 the restriction of antibiotic usage has been encouraged, if not enacted through legislation, in an attempt to prevent such AMR development due to non-rational veterinary antimicrobial use [10] . However, despite this, by 2030, the global use of antimicrobials in food animal production is expected to increase by 67 % compared to the 2010 usage levels [18, 19] .
Antimicrobial usage within the veterinary industry can result in the presence of antimicrobial residues in food of animal origin [15] . Such presence of antimicrobial residues can result in direct toxicity or indirectly in AMR. Antimicrobial residue levels in the edible tissues of livestock, including poultry, should be monitored via detection methods (screening and subsequent confirmation) and assessed regularly to ensure that the food of animal origin is safe and wholesome for consumers and does not contain antimicrobial residues at levels which exceed the established Maximum Residue Limits (MRLs) as defined by legislation [4, 13] .
The purpose of screening methods is to rapidly identify a desired analyte (antibiotic residues in this instance) where present, using ideally a simple (meaning requiring minimal resources and able to be performed by an unskilled personnel) and high throughput method [2] .
Where a screening method results in a positive result for a sample, a confirmation is performed to determine if the sample is indeed positive (for antibiotic residues), identify the substance(s) present; and, in relation to antibiotic residues present in the meat, determine if these residues are at levels above the MRL which would result in condemnation of the meat product [8] . Plate tests are microbiological inhibition assays used as the main screening method for antibiotics in slaughter animals in Europe [15] . Plate tests rely on the principle that when antimicrobial (antibiotic) residue-containing samples are applied, the growth of the bacteria will be impeded resulting in the formation of inhibition zones (IZs) as a result of diffusion of the antibiotic from the sample [2, 15] .
This study concerned the use of the STAR method as a broad spectrum multi-plate assay method for the detection of antibiotic residues in poultry meat. By its completion we aimed to determine whether antibiotic residues were present in the samples and also to evaluate the STAR method as a screening method for a broad spectrum detection of antibiotic residues. We also wanted to compare and draw conclusions from the results given by the use of dif-ferent matrices, despite the STAR method being validated only for use in muscle (and milk).
MATERIALS AND METHODS

Sample material
A total of 13 poultry products from the UK and Ireland were used for residues analysis. The 18 samples with For all samples, in addition to the skin or muscle matrix used, also the juices were collected for testing.
Sample analysis
The study used the STAR method in the manner prescribed by the STAR protocol of G a u d i n and F u s el i e r [5] . The test organisms used were: Bacillus stearothermophilus ATCC 10149, grown at pH 7.4 (with the addition of Trimethoprim at a 1 % concentration equalling 0.005 µg. Where the skin was attainable, it was removed from the corresponding muscle via manual manipulation and scissors were used to cut a small section from the skin similar in size and shape to the muscle slices taken. The prepared tissue (muscle or skin) slices were transferred to the test plates using sterile forceps. The juice was obtained from the skin and muscle samples via thawing the tissue samples (placed in 15 ml capped plastic graduated cylinder centrifuge tubes with the cap loosened in the test tube racks) using a microwave oven set on the defrost setting. For juices, antibiotic test paper discs (diameter of 9 mm from Albert Lab Science, Germany) were used to soak up approximately 30 µl from the juice obtained for each sample and then placed onto the test plates using sterile forceps. Onto each plate, 3 tissue (muscle or skin) slices were placed as well as the juice-soaked test paper discs corresponding to the same product and type of sample from which these slices were obtained; resulting in 6 samples per plate. were deemed positive where an IZ equal to or more than a width of 4 mm was found. According to the protocol of G a u d i n and F u s e l i e r [5] , if at least one plate out of the 5 plates containing different test bacteria was positive, the sample was considered overall positive for containing antibacterial residues. Positive (quality) control plates inoculated with test organisms were validated for systematic respect of operating conditions using standard solutions containing reference antibiotics.
RESULTS AND DISCUSSION
Based on all matrices used, 11 out of the 18 samples were positive for containing antibiotic residues. Based on the muscle as the matrix alone (which is the matrix validated for use in the STAR method), 6 of the 14 muscle samples were positive for containing antibiotic residues. Based on additional matrices not validated for use within the STAR method, 3 of the 4 skin samples and 3 of the 18 juice samples (juice as obtained from meat samples/muscle and skin) were positive for containing antibiotic residues. Note that no IZs were produced when Bacillus cereus was the organism, nor when meat was the matrix used when Bacillus subtilis was the organism, and nor where juice was the matrix used when Escherichia coli was the organism. Table 1 shows a summary of the overall results for the samples using the STAR method. Table 2 gives the results of the STAR method based on the mean inhibition zone measured (in mm) with standard deviation (SD) for all organisms and all plates. [3] and with an internal guideline of validation as defined by the authors of the validation paper [6, 7] . As such, the positive results given by juice samples 
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and skin samples are questionable; especially whereas it is known that the matrix used can impact upon the results given [14, 17] . The results show evident of a discrepancy between whether an IZ is produced and whether an IZ produced yields of a positive result based upon the type of matrix used when comparing muscle vs. juice vs. skin.
Also, given the SD and the spread of data, false negative and false positive results are possible; with a false negative being of a more significant concern given where a negative result is produced, means no further testing is performed.
Given the use of calipers for the measurement of IZs associated with antibiotic residue presence, the STAR method could be defined as a semi-quantitative method used as a qualitative screening assessment; where the diameter of the IZ produced theoretically correlates and so is directly proportional to the level/concentration of antibiotic residues found within a sample [11, 12, 16] . Note that there is some subjectivity in relation to determining at which points to measure on an IZ and also the respective distance of the IZ. This subjectivity is limited given that 3 points are measured and then the average is taken to give the IZ size;
however, this could prove significant in relation to the SD in cases where the results could be deemed as false positives or false negatives.
The STAR method proved of value as a screening method due to its relative ease to perform, low cost, robustness and ability to detect a wide range of antibiotics at a level of satisfactory sensitivity. However, the STAR method proved laborious and time consuming. Furthermore, the STAR looked at using matrices other than muscle, like meat, juice and skin, using the STAR method. Given the discrepancies discussed, further experimentations are needed to ascertain whether other matrices can be validated for use in the STAR method so that reasonable conclusions can be drawn from the results.
CONCLUSIONS
This study concerned the broad-spectrum detection of antibiotic residues in poultry meat by a multi-plate assay via use of the STAR method. Families of antibiotics preidentified due to positive samples in the results of this work include aminoglycosides, beta-lactams, sulphonamides and macrolides. As a targeted confirmatory analysis was not performed, we are unable to determine where false positive and false negative results arose as given by the use of the STAR screening method. Therefore, to be able to draw any definitive conclusions from this study, further confirmatory analysis must be performed.
